ATLANTIC ZONE PROGRAMME

Report No. 37
Field Report No. 84

N -\
Y/ s 2 T
/WEATHERING OF FLUVIAL DEPOSITS CONTAINING
MATERIAL UNDER HUMID TROPICAL
CONDITIONS

yd
Frank van Ruitenbeek

October 1992

CENTRO AGRONOMICO TROPICAL DE
INVESTIGACION Y ENSENANZA - CATIE

UNIVERSIDAD AGRICOLA MINISTERIO DE AGRICULTURA Y
DE WAGENINGEN - UAW GANADERIA DE COSTA RICA - MAG



\) NICARAGUA
.N ..\ .. ./..«..

N0

 Location of the study area.



EBﬁﬁﬁgﬂ

e al desc t

The research programme is based on the document "elaboration of
the VF research programme in Costa Rica" prepared by the Working
Group Costa Rica (WCR) in 1990. The document can be summarized
as follows: ’

To develop a methodology to analyze ecologicaly sustainable and
economically feasible land use, three hierarchical 1levels of
analysis can be distinguished.

1. The Land Use System (LUS) analyses the relations between soil
type and crops as well as technology and yield.

2. The Farm System (FS) analyses the decisions made at the farm
household regarding the generation of income and on farm
activities.

3. The Regional System (RS) analyses the agroecological and
socio-economic boundary conditions and the incentives presented
by development oriented activities.

Ecological aspects of the analysis comprise comparison of the
effects of different crops and production techniques on the soil

as ecological resource. For this comparision the chemical and
physical qualities of the soil are examined as well as the
polution by agrochemicals. Evaluation of the groundwater

condition is included in the ecological approach. Criterions for
sustainability have a relative character. The question of what
is in time a more sustainable land use will be answered on the

three different levels for three major soil groups and nine
important land use types.

Combinations of crops and soils

Maiz Yuca Platano Pifia Palmito Pasto Forestal

I ITI III
Soil I X X X X X p 4
Soil II X X
Soil III X - X X X X

v
[ 4
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As landuse is realized in the socio-economic context of the farm
or region, feasibility criterions at corresponding levels are to
be taken in consi&eration. MGP models on farm scale and regional

scale are developed to evaluate the different ecological
criterions in economical terms or visa-versa.

Different scenarios will be tested in close cooperation with the
counter parts.



The Atlantic Zone Programme (CATIE-AUW-MAG) is the result of
an agreement for technical cooperation between the Centro
Agronémico Tropical de Investigacién y Ensefianza (CATIE),
the Agricultural ©University Wageningen (AUW). The
Netherlands and the Ministerio de Agricultura y Ganaderia
(MAG) of Costa Rica. The Programme, that was started in
April 1986, has a 1long-term objective multidisciplinary
research aimed at rational use of the natural resources in

the Atlantic 2one of Costa Rica with emphasis on the small
landowner.
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SUMMARY

The Atlantic Zone of Costa Rica is dotted by small red coloured
hills which consists of deeply weathered sediments. The deposits
are probably of Pleistocene age and are the remnants of a
Pleistocene landscape which was eroded by rivers during the last
glacial period. A C-14 dating pointed out that one of them (Rio
Sucio Profile, location see figure 4.1.) is older than 50,000
years.

Research was done in order to make a geological interpretation of
the so-called "Redhill" - deposits and to study their weathering.
The geochemical and mineralogical weathering studied was done in
order to answer the following questions:

- What geochemical and mineralogical changes are taking place
during weathering of these deposits;

- How do different types of sediment influence the weathering
processes and the mineralogy and geochemistry of the deposits.



i. Introduction

The Atlantic Zone of Costa Rica is dotted by small red coloured
hills which consists of deeply weathered sediments. The deposits
are probably of Pleistocene age and are the remnants of a
Pleistocene landscape which was eroded by rivers during the last
glacial period. A C-14 dating pointed out that one of them (Rio
Sucio Profile, location see figure 4.1.) is older than 50,000
years.

The deposits probably consist of fluvial and pyroclastic
sediments. The parent material is supposed to be of andesitic
composition since it is derived from the volcanic hinterland with
mainly andestic volcanisnm.

The sediment are strongly weathered due to high annual rainfall
(about 4000 mm), relatively high temperature (yearly average of
250C) and their easy weatherability.

Research was done in order to make a geological interpretation of
the so-called "Redhill" - deposits and to study their weathering.
The geochemical and mineralogical weathering studied was done in
order to answer the following questions:

- What geochemical and mineralogical changes are taking place
during weathering of these deposits;

- How do different types of sediment influence the weathering
processes and the mineralogy and geochemistry of the deposits.



2.Theory.

2.1.Weathering of andesitic material under humid tropical conditi-
ons

Weathering of andesitic volcanic material under humid tropical

conditions is characterized by rapid degradation (by hydrolysis,
oxidation and destruction of primary mineral structures (Colman,
1982)) of the primary minerals, mainly feldspars, pyroxenes and
volcanic glass. Dissolution reactions can be written as follows:

KAlSi,0 + 4H'+ 4H,0 --> K' + Al* + 3H,Si0, (aq)
(K-feldspar)

CaFeSi,0¢ + 4H'* 2H,0 --> Ca* + Fe® + 2H,Si0, (aq)
(Augite)

The protons used for the reaction can be supplied by dissolved CO,
in the soil solution.

Due to the usually strong leaching conditions in the humid tropics
the liberated base-ions will almost completely be washed out.

The Fe?* wich come into solution is first oxidized to Fe? and can
precipitate as Fe(hydr)oxides, for instance the poorly ordered
mineral ferrihydrite!’.

The liberated Al* and part of the silica commonly precipitate in
secondary minerals, for instance halloysite? and allophane.

Allpohane can be defined as a group of short-range ordered clay
minerals that contain silica, alumina and water in chemical combi-
nation (Parfitt and Childs, 1988), and has usually a Al/Si-ratio
between 1 and 2. Generally, allophane forms from glass (at pH(H,0)
S to 7) and feldspar and/of biotite (at pH(H20) about S) in soils
with udic moisture regimes and with good drainage. Under these
conditions silicic acid and hydroxy-aluminium cations react to
give allophane. A pH > 4.7 is requiered for allophane to precipi-
- tate Parfitt and Kimble, 1989). The formation of allophane can be
(partly) prevented by the presence of humus, which can complex the
liberated Al®* (Mizota and van Reeuwijk, 1989).

Allophane seems to be formed by rapid weathering of Al- and Si-
rich minerals, which results in relatively high concentrations of
Al* and silica in the soil solution. The high concentrations
probably cause a rapid precipitation of amorphous and poorly
ordered hydrous alumino-silicates, mainly allophane. The exact

mechanism of allophane formation has not been found in the litera-
ture.

With time allophane may be transformed to halloysite, kaolinite?
or gibbsite! as well as 2:1 type clay minerals depending on the
silica concentration of the soil solution (Wright, 1964). Halloy-
site may probably also be transformed to kaolinite, gibbsite or
2:1 clay minerals. Under humid conditions ferrihydrite can be
transformed into goethite®. See figure 2.1. for the stability
relationships among some minerals in the system K,0-Al,0,-Si0,-H,0
at 25°C.
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figure 2.1.: Stability relationships among some minerals in the
system K,0-Al,0,-8i0,-H,0 at 25°C (After Drever, 1988).

D ferrihydrite = approximately: Fe,0;.2FeOO0H.2*6H,0
) halloysite = Al,([Si,0,,/0H),]*4H,0

3 kaolinite = Al,[Si,0,0/0H),]

Y gibbsite = Al (OH),

9 goethite . = Fe (OOH)

2.2.Dissolution rate.

An important process in weathering is dissolution of the primary
minerals. Three processes can control the rate of dissolution of
an inorganic solid phase (figure 2.2., after Drever, 1988):

1) Reaction at the surface of a mineral grain (reaction control),
typically detachment of species at the mineral surface. When
surface reaction is rate controlling, the concentrations of the
solutes immediately adjacent to the grain will be the same as in
the bulk solution.

2) Transport (normally by diffusion) of ions or molecules in
solution to or from the grain surface (diffusion or transport
control). In this case, the solution immediately adjacent to the
solid will be more or less in equilibrium with the solid, and
concentration gradients will exist in solution..

3) Diffusion of ions or molecules through a layer of solid reacti-
on products or a layer of partly altered primary mineral surroun-
ding the solid. For many purposes this can be regarded as a type
of surface reaction control; it will result in a uniform solution
composition.

Mixed kinetics (partly diffusion controlled, partly reaction
controlled) may also occur, but generally either diffusion or



reaction is the dominant control, and the other can be neglected.
(after Drever, 1988).

Surface
Solution layer Mineral
c Z
9
~ :
Diffusion Diffusion /
_

Figure 2.2: Schematic drawing of a mineral reacting with solution.
The rate determining step may be reaction at the surface of the

mineral, diffusion through a solid layer at the grain surface, or
diffusion in solution.



3.Methods.
3.1.Field descriptions.

In order to describe the ’‘Redhill’-deposits four geographically
separated locations, three roadcuts and a canalcut, were selected.
At each location a profile of about 6 meters deep was chosen for
detailled description. For these descriptions the profiles were
divided into several layer-types, mainly on a textural and geolo-
gical basis, varying in thickness between between 5 and 200cm. The
most important soil-characteristics and the geology of each layer
were described. Depending their texture and deposition mechanism
(according to the field descriptions) the layers were grouped into
five classes, the strongly altered topsoil fell into class 0.

3.2.8ampling procedures.

All layers of the four profiles were sampled by taking representa-
tive field moist mixed samples (each about 500 g) from the centre
of the layers. If the layer was thicker than 100cm two samples
were taken, one in the upper part and one in the lower part. In
total about 50 samples were collected.

3.3.Analytical procedures.

Texture was determined after destruction of organic matter in the
field moist sample with H,0, and dispersion using a mixture of
sodium polymetaphosphate and NH;. Clay and silt (2 - 53 micrometer)
contents were measured by the hydrometer method (Gee and Bauder,
1986) . After the measurement, the suspensions with clay and silt
were discarded, and the remaining samples were dried and passed
over a nest of sieves, in order to determine weight percentages of
the fractions >2mm, 2mm-500um, 500-212um and 212-53um. Clay dis-
persion of weathered volcanic material is often difficult. Textu-
re analysis are probably relatively reliable since much attention
was paid to the dispersion of the sample.

The bulk chemical composition (major elements and selected trace
elements) was determined by X-ray fluorescence. After ignition at
900°C to determine contents of crystalline water plus organic
matter, glass tablets were obtained by melting the samples with
2.4 lithium tetraborate and analysed on a Philips XRF assembly.

Major oxide components were normalized to 100%. FeO is measured as

Mineralogy of the clay fraction, collected after texture analysis,
was determined bx X-ray diffraction, after saturation of the clay

minerals with Mg‘*. The samples were scanned in wet condition and
after drying at 25° and 100°C.

Acid ammonium oxalate extractable iron and aluminium (Fe,, and Al
were determined by shaking a 1 g soil air dry /100 ml reagent
solution for 4 h in the dark (Blackmore et al., 1987) and measu-
ring Fe and Al by AAS.



3.4 .Weathering indices.

Weathering indices were calculated in order to study changes in
geochemistry due to weathering processes. The weathering potential
index (WPI) and the product index (PI) (after Reiche, 1950) were
used:

WPI = 100* ZBases / (ZBases +S5i0, +ZR,0;)
PI = 100* Si02 / (Si02 +2R203 )

For the calculation of the indices the molair fractions of the
elements were used. MgO, CaO, K,0 and Na,0 were grouped as total
bases; Al,0,, TiO, and Fe,0, were grouped as R,0,.

The WPI is a measure for the amount of base—-ions in the sample.
The WPI of an average andesite is about 18.3. The WPI rapidly
decreases if bases are lost.

The PI is a measure for the amount of Si in the samples. The PI of
an average andesite is about 78.9. If silica is lost the PI decre-
ases.

R,0; functions as a reference constituent, since it is supposed to
be the least mobile component in the soil.

Fresh sediment samples from the Rio Chirripo (by van Seeters,
1992) function as an indicator for the chemical composition of the
primary sediments of the ‘Redhill’-deposits.



4.8Site descriptions

The locations oflthe four profiles is shown in figure 4.1.

4.1.Rf0 Frio Uno profile:

The profile consists of a sequence of sandy and silty to clayey
deposits, which are probably of fluvial origin.

The texture of the individual layers and the alteration of fine
and coarse textured layers would suggest that they are floodplain
sediments. The sandy layers could be crevasse splays, while the
silty and clayey layers could represent more finely grained flood-
plain accumulations.

It was not possible to determine the parent material of the upper

two meters of the profile because of strong alteration by weathe-

ring processes and homogenisation by soil fauna. No burried soils

were found which suggests that there was no appreciable weathering
during deposition of the sediments.

4.2.Rio Frio Dos profile:

The profile consists mainly of coarse sandy deposits with pebble-
rich layers, probably of fluvial origen.

Their coarse texture and crossbedding structures suggests that the
deposits are in-channel sediments of a river.

It was not possible to determine the parent material of the upper
150 cm of the profile because of alteration by weathering proces-
ses and homogenisation by soil fauna. No burried soils were found
which suggests that there was no appreciable weathering during
deposition of the sediments.

4.3.Rio Sucio profile:

The profile consists of a sequence of sandy and silty to clayey
deposits, probably fluvial.

The texture of the individual layers and the alteration of fine
and coarse textured layers would suggest that they are floodplain
sediments, consisting of sandy crevasse splays and probably small
streambeds, and fine grained floodplain accumulations. The lowest

fine grained layer in the profile contains much organic matter and
may represent a backswamp environment.

It was not possible to determine the parent material of the upper
130 cm of the profile because of alteration by weathering proces-
ses and homogenisation by soil fauna. No burried soils were found

which suggests that there was no appreciable weathering during
deposition of the sediments.

4.4 .Neguev profile:

The profile consists of different types of sediments; sandy,
pebble-rich and silty to clayey deposits and two very poorly
sorted layers with a clayey to coarse texture containing pebbles.
The two poorly sorted layers are probably lahars. On top of these
layerst lies a silty to clayey sediment which could be pyroclatic
deposit or a fluvial floodplain accumulation.
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figure 4.1



The other sediments in the profile are probaly fluvial. The sandy
layers can be in-channel sediments of small streams, the silty to
clayey sediment is probably a floodplain deposit.

It was not possible to determine the parent material of the upper
60 cm of the profile because of alteration by weathering processes
and homogenisation by soil fauna. No burried soils were found ‘
which suggests that there was no appreciable weathering during
deposition of the sediments.

4.5,01assification of the sediment-types

The different sediment-types are grouped into the following clas-
ses (named layer-type 0 t/m 4):

Layer-type 0: Strongly altered top soil;

Layer-type 1l: Silty and clayey sediments;

Layer-type 2: Sandy sediments;

Layer-type 3: Coarse grained pebble sediments;
Layer-type 4: Poorly sorted sediments (probably lahars).

layer-type:

DOOO

AR

figure 4.2: Layer-types in the four profiles; A= Rio Frio Uno
Pro:iin, B= Rio Frio Dos Profile, C=Rio Sucio Profile, D= Neguev
Pro e.



5.Results
5.1.Texture and mineralogy.
5.1.1.Rio Frio Uno profile:

Al 50 0 58 0.8 0.36 0.34 3 1
A2 150 0 57 2.2 0.42 0.43 3 1
B 245 2 27 6.5 0.43 0.49 3 2
C 330 1 38 2.9 0.30 0.13 O 1
D 410 2 9 3.2 0.40 0.38 2 2
E 460 1 33 2.9 0.29 0.11 O 1
F 480 2 6 8.5 0.40 0.07 1 3
G 500 1 45 1.9 0.40 0.06 O 1
- H 530 2 11 8.5 0.34 0.28 0. 3
I 550 1 - - - - - -
J 575 2 6 - 0.29 0.17 - -
K 600 1 36 2.0 0.45 0.19 O 1

Table 5.1.: Mineralogy of the clay fraction and clay coantent of
Rio Frio Uno Profile.

Clay-, Al_,.. and Fe,-content in mass fraction %.

Gibb. = Gibbsite, Crist. = Cristobalite; Content in sample: 3=
much, 2=intermediate, l1l=little, O=nil, ’'-'= not analysed.
Aratio = 1.0nm clay minerals/ 0.7nm clay minerals.

The clay content decreases with depth from 58% in the top soil to
6% for layer—-type 2 at 575 cm depth and 36% for layer-type 1 at
600 cm depth. The clay content of layer-type 1 is higher than that
of layer-type 2 (figure 5.1.).

The crystalline clay fraction mainly consists of l1l.0nm-halloysite
and 0.7nm-halloysite or kaolinite, gibbsite and cristobalite.

Little goethite and quartz is present. In the topsoil some 2:1
clay minerals were detected.

The Aratio (which is the ratio between the peak height of the 1.0
nm clay and the 0.7nm clay in the X-ray-diffractograms) increases
with depth for layer-type 0 and 2 from 0.8 to 8.5. The ratio of
layer-type 1 seems to decrease with depth from 3 to 2.

The amount of gibbsite deceases with depth. In layer-type 0, the
topsoil, most gibbsite occurs. Layer-type 2 contains more gibbsite
than layer-type 1.

The amount of cristobalite increases with depth, the content of
layer-type 2 is higher than that of layer-type 1.

Al,,-content is relatively low throughout the profile, between 0.30
and 0.45 %.



CLAY vs. DEPTH

Rio Frio Uno Profile
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figure 5.1: Clay content versus depth, Rio Frio Uno Profile.



5.1.2.Rif0 Frio Dos profile:

Al 50 0 53 0.6 0.44 0.37 3 1
A2 125 0 56 3.0 0.40 0.72 3 0
B 195 2 22 2.0 0.80 0.51 3 2
C 270 3 3 3.0 4.85 0.48 1 ° 3
D 315 2 5 0.0 4.40 0.38 0 0
E 335 3 S 0.0 5.80 0.37 1 1
F 380 2 3 0.0 3.25 0.32 0 0
G 425 3 - - - - - -
H 430 1 23 10 0.22 0.40 0 2
I 480 2 S - 2.20 0.30 O 3
J 550 2 0 2.0 3.90 0.10 O 0

Table 5,2.: Mineralogy of the clay fraction and clay content of
Rio Frio Dos Profile.

Clay-, Al and Fe,-content in mass fraction %.

Gibb. = Gibbsite, Crist. = Cristobalite; Content in sample: 3=-
much, 2=intermediate, 1l=little, O=nil, '-'= not analysed.
Aratio = 1.0nm clay minerals/ 0.7nm clay minerals.

The clay content decreases with depth from about S55% in the top
soil to 0% for layer-type 2 at 550 cm depth. Clay content of
layer-type 1 is higher than that of layer—-type 2 which is higher
than that of layer-type 3.

The crystalline clay fraction mainly consists of 1l.0nm-halloysite
and 0.7nm-halloysite or kaolinite, gibbsite and cristobalite.
Little goethite and quartz is present. In the topsoil few 2:1 clay
minerals are detected.

The Aratio (which is the ratio between the peak height of the 1.0
nm clay and the 0.7nm clay in the X-ray-diffractograms) does not
seem to be correlated with depth and varies between 0.0 and 3.0
for layer-type 0, 2 and 3 and is 10.0 for layer-type 1 at 430 cm
depth. Whenever the ratio is 0.0, the clay fraction does not
contain crystalline clay minerals.

The amount of gibbsite deceases rapidly with depth, with layer-
type 3 always containing more gibbsite than an underlying layer-
type 2.

The distribution of cristobalite increases throughout the profile
is very irregular.

Al,-content is relatively high in coarse textured layers that
occur deeper than 250 cm. It varies between 2.20 and 5.80 %. The
Al,-content in layer-type 3 is higher than that in type 2.



5.1.3.Rio Sucio profile:

A 30 0 76 1.4 0.45 0.42 1 1
B 95 0 65 2.0 0.26 0.24 1 1
C 150 2 26 2.7 1.75 0.38 2 1
D 175 1 67 6.0 0.40 0.07 1 1
E 205 1 59 7.3 0.36 0.09 O 0
F 250 1 35 7.4 0.40 0.10 O 0
G 310 2 17 11 0.38 0.48 0 1
H 385 1 27 7.7 0.32 0.20 O 0
I 445 2 18 13 0.48 0.46 O 0
J 500 1 36 32 0.40 0.34 1 1
K 540 2 8 - 0.47 0.68 - -
L 570 2 9 18 0.52 0.90 O 2
M 615 2 4 13 0.45 0.47 O 2
N 660 1 13 18 0.24 0.30 O 1

Table 5.3.: Mineralogy of the clay fraction and clay content of
Rio Sucio Profilae.

Clay-, Al and Fe ,-content in mass fraction %.

Gibb. = Gibbsite, Crist. = Cristobalite; Content in sample: 3=-
much, 2=intermediate, 1l=little, O=nil, ’'-’'= not analysed.
Aratio = 1.0nm clay minerals/ 0.7nm clay minerals.

Clay content decreases with depth from 76% in the top soil to 4%
for layer—-type 2 at 615 cm depth and 13% for layer-type 1 at 660
cm depth. Clay content of layer-type 1 is higher than that of
layer-type 2 (see figure 5.2.).

The crystalline clay fraction mainly consists of 1.0nm-halloysite
and 0.7nm-halloysite or kaolinite, gibbsite and cristobalite.
little goethite and quartz is present.

The Aratio increases with depth from 1.4 in the top soil to about
18.3 at 660 cm depth. One very high value of 32.0 occurs at 500 cm

depth. The Aratio for layer-type 1 does not differ systematically
from that of layer-type 2.

The amount of gibbsite decreases with depth and is relatively low.
The amount of cristobalite does not seem to vary systematicly with
depth.

Al,,-content is relatively low throughout the profile, less than
0.52 %, except for sample C which contains 1.75 %.
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5.1.4.Neguev profile:

A 30 0 49 1.0 0.44 0.66 3 0
B 85 2 18 1.3 2.15 1.25 2 0
C 145 2 - - 19.70 1.10 - -
D 190 2 - - 7.30 1.30 - -
E 235 1 20 12 0.45 0.48 O 1
F 315 4 10 6.3 0.27 0.32 0 2
G 375 2 20 3.0 0.50 0.25 0 1
H 425 4 12 4.1 0.26 0.30 O 3
I 490 2 14 7.2 0.23 0.50 0 3
J 535 1 49 10 0.50 2.60 0 1
K 570 2 10 9.8 0.94 0.51 O 2
L 610 2 8 - 4.60 0.23 - -
M 635 3 7 24 1.30 0.81 1 2
N 655 2 10 15 0.45 0.56 0 2

Table 5.4.: Mineralogy of the clay fraction and clay content of
Neguev Profilae.

Clay-, Al and Fe, ,-content in mass fraction %.

Gibb. = Gibbsite, Crist. = Cristobalite; Content in sample: 3=-
much, 2=intermediate, 1l=little, O=nil, ’'-'= not analysed.
Aratio = 1.0nm clay minerals/ 0.7nm clay minerals.

The clay content decreases with depth from 49% in the top soil to
about 10% at 650 cm depth. Sample J contains relatively much clay.

Clay content of layer-type 3 and 4 seems to be lower than that of
layer-type 1 and 2.

The crystalline clay fraction mainly consists of 1.0nm-halloysite
and 0.7nm-halloysite or kaolinite, gibbsite and cristobalite.
Little goethite and quartz is present.

The Aratio increases with depth from 1.0 in the topsoil to 24.0
for layer-type 3 at 635 cm depth and 15.0 for layer-type 2 at 655
cm depth.

The amount of gibbsite rapidly decreases with depth.

The amount of cristobalite increases with depth and is higher for
layer-types 2, 3 and 4 than for layer-type 1.

Al -content is relatively high, higher than 1.0 % for five sam-
ples. Samples C and D have very high values, 19.70 and 7.30 %.



5.2.Chemistry.
5.2.1.Rio Frio Uno profile:

Al 50 0 42.4 56.8 0.5 0.5 57.2
A2 150 0 45.5 53.7 0.5 0.5 54.2
B 245 2 48.0 50.8 0.7 0.7 51.4
(of 330 1 28.2 70.7 1.0 1.0 71.5
D 410 2 31.8 67.2 0.7 0.7 67.9
E 460 1 27.2 71.7 0.9 0.9 72.5
F 480 2 29.2 69.8 0.7 0.7 70.5
G 500 1 25.6 72.8 1.4 1.4 74.0
H 530 2 30.6 68.0 1.0 1.0 69.0
I 550 1 23.7 74.8 1.3 1.3 76.0
J 575 2 28.1 70.7 0.9 0.9 71.6
K 600 1 27.9 70.5 1.4 1.4 71.7
" Fresh sediment: 1 11.8° 78.9
2 18.1 81.1

"Table 5.5.: Analyse results of profile Rio Sucio.
ZR,0,, SiO, and IBases in molair fraction %.
Fresh sediment data from van Seeters, 1992.

The samples consists for the major part of the oxides of the
elements Al, Fe and Si. In the topsoil the XR,0; content is about
45 % (Al,0; = 35 %, Fe,0; = 9 % and TiO, = 1%) and it decreases to
about 25 % (Al,0, = 20 %, Fe,0, = 5 % and TiO, = 0.6%) at 550 cm
depth. SiO, content increases from about 55 % in the top soil to 70

% at greater depth. Throughout the profile the base-ion content is
very low, lower than 1.5 %.

The WPI increases with depth from 0.50 in the topsoil to 0.96 for
layer-type 2 and 1.36 for layer-type 1. The WPI of layer-type 1 is
higher than that of type 2 (see figure 5.3.).

The PI first decreases from 57.2 in the top soil to 51.4 in the
first layer-type 2 layer beneath the top soil at 245 cm depth, and
then increases to 71.6 at 600 cm depth. The PI of layer-type 1 is
higher than that of type 2 (see figure 5.4.).
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§5.2.2.Rio Frio Dos profile:

Al 50 0 46.7 52.3 0.6 0.6 52.8
A2 125 0 50.4 48.9 0.4 0.4 49.3
B 195 2 54.4 44.1 1.0 1.0 44 .8
Cc 270 3 33.1 57.1 9.1 9.1 63.3
D 315 2 23.2 66.3 10.1 10.1 74.1
E 335 3 27.8 62.5 8.8 8.8 69.2
F 380 2 21.4 65.4 12.8 12.8 75.3
G 425 3 30.8 63.5 2.5 2.5 67.4
H 430 1 29.4 68.8 1.3 1.3 70.1
I 480 2 23.7 68.1 7.8 7.8 74.2
J 550 2 21.1 61.8 16.8 16.8 74.5
Fresh sediment: 1 11.8 78.9
2 18.1 81.1

Table 5.6.: Analyse results of profile Rio Sucio.
ZR,0,, SiO, and IBases in molair fraction %.
Fresh sediment data from van Seeters, 1992.

The samples consists for the major part of the oxides of the
elements Al, Fe, Si and at a greater depth than 200 cm also of the
base-cations. In the topsoil the ZIR,0, content is about 50 % (Al,0,
= 37 %, Fe,0 = 12 % and TiO, = 1%) and it decreases to about 21 %
(A1203 = 16 %, Fez°3 = 5 $ and Tio: = 0-5%) at 550 cm depth. SiOz
content increases from about 48 % in the top soil to 68 % at
greater depth. Content of base-cations is in the upper two meters
of the profile very low, beneath this depth it is very high and
varies  between 1.3 and 16.8 % (at 550 cm). ZBases is mainly deter-
mined by the quantity of MgO.

The WPI strongly increases with depth from about 0.5 in the top
Soil to 16.8 at 550 cm depth. The WPI of layer-type 2 seems to be
higher than that of type 3 (see figure 5.5.).

The PI first decreases with depth from 52.8 in the topsoil to 44.8
in the first layer-type 2 layer beneath the topsoil at 195 cm,
then it rapidly increases to 74.5 for layer—-type 2 at 550 cm

depth. The index seems to be higher for layer-type 2 than for that
of 3 (see figure 5.6.).
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5.2.3.Rio Sucio profile:

Y

A 30 0 35.4 63.2 1.0 1.0 64.1
B 95 0 35.3 64.0 0.4 0.4 64.5
C 150 2 47.9 48.1 3.3 3.4 50.1
D 175 1 35.9 63.7 0.3 0.3 64.0
E 205 1 32.7 66.2 1.0 1.0 66.9
F 250 1 35.9 63.7 0.3 0.3 63.9
G 310 2 35.3 64.0 0.4 0.4 64.4
H 385 1 35.7 63.8 0.2 0.2 64.2
I 445 2 38.2 60.7 0.5 0.5 61.4
J 500 1 33.9 65.5 0.3 0.3 65.9
K 540 2 34.0 65.0 0.5 0.5 65.7
L 570 2 34.7 63.8 1.0 1.0 64.8
M 615 2 34.5 64.4 0.6 0.6 65.1
N 660 1 32.4 67.6 0.8 0.8 67.2
Fresh sediment: 1 11.8 78.9

2 18.1 81.1

Table 5.7.: Analyse results of profile Rio Sucio.
ZR,0,, SiO, and IBases in molair fraction &%.
Fresh sediment data from van Seeters, 1992.

The samples consists for the major part of the oxides of the
elements Al, Fe and Si. In the topsoil the ZR,0; content is about
35 % (Al,0; = 26 %, Fe,0 = 8 % and TiO, = 1%) and it varies throug-
hout the profile between 32 and 38 %, excepth for the high value
just beneath the topsoil. SiO, content varies between 60 and 68 %,
except for a low value for again the layer just beneath the top
soil. Throughout the profile the base-ion content is very low,
generally lower than 1.5 %.

The WPI first seems to decrease with depth from 1.0 in the top
soil to about 0.3 at 350 cm depth, except for the high value at
150 cm depth. Then the WPI increases to about 0.8 for layer-type
l. The index of layer-type 1 seems to be slightly higher than that
of layer-type 2 (see figure 5.7.).

The PI slightly increases with depth from 64.1 in the top soil to
about 65.0 for layer-type 1 at 660 cm depth, except for the layer-
type 2 layer just beneath the top soil which has a low value of

50.1. The PI of layer-type 1 is higher than that of layer-type 2
(see figure 5.8.).
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5.2.4.Nequevvrro£ilo.

A 30 0 50.2  48.6 0.7 0.7 49.2
B 85 2 78.6  19.9 0.5 0.5 20.2
C 145 2 44.9  50.5 3.6 3.6 53.0
D 190 2 46.4  51.3 1.6 1.6 52.5
E 235 1 34.9  64.4 0.3 0.3 64.9
F 315 4 32.0 66.2 1.4 1.4 67.4
G 375 2 30.6 67.3 1.8 1.8 . 68.8
H 425 4 30.6  66.9 2.2 2.2 68.6
I 490 2 32.2  65.8 1.5 1.5 67.1
J 535 1 34.4 64.2 0.8 0.8 65.1
K 570 2 30.4  59.6 9.2 9.2  66.2
L 610 2 22.3  55.0 21.4 21.7 71.2
M 635 3 31.3  58.2 9.5 9.6 65.0
N 655 2 34.3  63.3 1.8 1.8 64.9

Fresh sediment:

S
-
[+ ]
o o
—
[+ ]
[
[y

Table 5.8.: Analyse results of profile Rio Sucio.
IR,0,, SiO, and IBases in molair fraction %.
Fresh sediment data from van Seeters, 1992.

The samples consists for the major part of the oxides of the
elements Al, Fe and Si. In the topsoil the XR,0, content is about
S0 % (Al,0; = 37 %, Fe,0; = 11 % and TiO, = 1%) and it decreases to
about 30 % (Al,0, = 21 %, Fe,0, = 8 % and TiO, = 1 %) at greater
depth, except for a high value just beneath the topsoil and a low
value at 610 cm depth. SiO, content increases from about 48 % in
the top so0il to beween 55 and 68 % at greater depth, a very low
value occurs just beneath the topsoil. Throughout the profile the
base-ion content is very low, except for the content between 550
and 650 cm where it is higher than 9 %.

The WPI seems to increase slightly with depth from 0.7 in the top
soil to about 1.8 at 655 cm depth, except for three very high
values between 550 and 650 cm. The WPI of layer-type 2, 3 and 4
seem to be higher than that of layer-type 1 (see figure 5.9.).

The PI increases with depth from 49.0 in the top soil to about 68
at 425 cm depth, except for the low value for the layer-type 2
layer beneath the top soil. Beneath 425 cm it seems to decrease
again to about 65 (see figure 5.10.).
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6.Discussion
6.1.Influence of layer-depth.

The top soils of the four profiles are strongly weathered and
homogenised. It is not possible to determine the parent material.
Occurrence of organic matter will probably influence the weathe-
ring processes. Therefor the top soils will not be discussed.

The clay fractions of the layers underlying the topsoil, mainly
consist of the following minerals: 1.0nm-halloysite, 0.7nm-halloy-
site or -kaolinite, gibbsite, some amorphous clay minerals and
cristobalite. These minerals are supposed to be secondary since
they are typically weathering products and they occur in large
quantaties in the clay fraction. Gibbsite is stable at the relati-
vely low H,SiO,~-concentrations (figure 2.1), 0.7nm-halloysite or -
kaolinite is likely to be a rekristallisation product of 1.0nm-
halloysite. Cristobalite is stable at relatively high H,SiO,-
concentrations.

In all profiles the clay-content, the gibbsite content and the
amount of 0.7nm-halloysite or -kaolinite compared to 1l.0nm-halloy-
site (figure 6.1), decrease with depth. Except for some samples of
the Rio Frio Dos Profile in which the Aratio is 0, this will be
dicusses in chapter 6.4. The cristobalite-content seems to increa-
se with depth. This indicates that leaching decreases with depth.
In the layers just beneath the top soil the silica—-concentration
is probably lowest and gibbsite can be formed, in the lower part
of the profile the silica—-concentration is higher so cristobalite
can precepitate. In the upper part of the profile more 0.7nm—-clay
minerals have formed, probably by recristallisation of 1.0nm-

halloysite.
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The discussion of the chemical composition will be restricted to
the Rio Frio Uno and the Rio Frio Dos Profile. The composition of
the Rio Sucio Profile is probably influenced by its low topograp-
hical situation and the composition of the sediments of the Negeuv
Profile seems to be too heterogenous.

The WPI is a measure for the the base-ion content in the samples.
During weathering of the primary minerals the base-ions are rapid-
ly washed out, so the WPI can be seen as an indicater for the
amount of unweathered base-ion containing primary material (proba-
bly mainly plagioclase, augite, hypersthene and some volcanic
glass (Niewenhuyse et al, in prep.)). In all profiles the WPI
increases with depth, which suggests that the amount of unweathe-
red material in the upper part is lower than that in the lower
part. The PI, which is a measure for the . silica-content in the
samples, also increases with depth. Silica leaching is probably
most advanced in the upper part and decreases with depth.

It can be concluded that the weathering grade of the sediments
decreases with depth. In the upper parts of the profiles less
primary minerals are left and more silica is leached than in the
lower parts.

Factors influencing the weathering rate are: Temperature, the
amount of percolating water and the ionic activities in the soil
solution. The temperature plays no important role since it proba-
bly is almost constant throughout the profiles. If only downward
vertical water percolation is considered, the amount of percola-
ting water is probably also nearly constant throughout the profile
(annual rainfall is nearly 3000 mm, evapotranrpiration can be
about 1000 mm a year).

An explanation for the difference in weathering stage with depth
could be difference in ion-activities in the soil solution. During
the downward percolation, the soil water can take up liberated
ions. The higher concentration of solutes in the soil solution at
greater depth could cause a lower weathering rate of the sediments
at these depths. The concentration of protons can also influence
the weathering rate. Just beneath the top soil it is probably
higher due to a higher pCO,, which can cause a higher weathering
rate.

If the concentration of dissolved ions would indeed control the
weathering rate of a sediment containing mainly feldspars and
pyroxenes, it is probably a diffusion controlled proces. The
diffusion of the dissolved ions from the mineral surface would be
the rate controlling step. In layers with less water percolation
the slower removal of solutes in the soil solution will cause
higher ion-activities. This can result in a lower weathering rate
of primary minerals in these layers.

If not only vertical water percolation is considered, the diffe-
rences in weathering stage between the upper and the lower parts
of the profiles can also be explained by the occurrence of lateral
water movement. Removal of part of the percolating water by a
lateral flow, will result in a higher amount of percolating water
and a higher weathering rate in the upper parts than in the lower
parts. This can be the case in the investigated profiles.



6.2.Influence of layer-type.

In this chépter the discussion will again be limited to the Rio
Frio Uno and the Rio Frio Dos Profiles.

Differences in mineralogy and chemistry between the layer-types
seem to exit.

Gibbsite only occurs in the coarse (type 2- and 3-) sediments,
with a predominance in the coarsest (type 3-) layers. In the Rio
Frio Uno Profile the coarser textured layers also contain more
cristobalite than the fine textured layers. According to the
Aratio, the fine textured sediments in this profile seem to con-
tain more kaolinite than l1l.0nm-halloysite. This can be partly a
result of determining the Aratio by measuring the peak-height
instead of the the peak-suface. The clay minerals in the fine
textured layers are probably more poorly cristallized (figure
6.2) . High Al ,-values only occur in type 2- and type 3-layers,
which will be dicussed later.

e Mt FFIG.

figure 6.2.a figure 6.2.b

figure 6.2: In coarse textured layer F1F (fig.b) the clay minerals
are better cristallised than in the finer textured layer FIG
(fig.a).

The WPI (a measure for the base—ion content) and the PI (measure
for the silica content) are highest in the finest textured layers
and lower in the coarsest textured layers (figure 6.3. and 6.4.).
This indicates that fine textured sediments have suffered less
base-ion and silica leaching and contain more primary minerals
than the coarse textured ones.

It seems reasonable to conclude that weathering stage of the
sediments is texture-dependent. When texture becomes coarser,
weathering will be more advanced. This cannot be the result of
differences in layer-depth since the layer-types occur throughout
the whole profiles. Difference in chemical composition during
sedimentation is probably also not the cause, since it would be
expected that coarse textured fresh sediment contain more base-
ions and silica than finer textured sediments. However the low
WPI- and PI-value of the fine textured type l-layer in the Rio
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Frio Dos Profile can be the result of a different
chemical composition of the primary material.
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An explanation for the texture—depending weathering rate can be
difference in permeability of the layer-types. Probaly most water
will percolate through the coarse texured layers and weathering
products will be removed more rapidly than in the finer textured
layers. This will result in different ion-activities of the soil
solutions. The highest will occur in the finest texuerd layers,
the lowest in the coarsest textured layers. If weathering of the
sediments is a diffusion controlled proces, the ionic strength of
the soil solution will control the weathering rate. It will be
highest in the coarsest textured and lowest in the finest textured

layers.

This explanation only holds when there actualy can be lateral
water flow. In both profiles the soil water can mainly follow the
coarsest textured sediments. Evidence of stagnating water in the
form of reduction mottles in the fine textured layers is found in
the Rio Frio Uno Profile.

The micro-hydrology in the profiles probably plays an important
role in the weathering of the deposits.

The coarser textured sediments in the Rio Frio Uno Profile also
contain more cristobalite than the finer texured sediments. This
is not expected since the coarse textured layers are stronger
leached (occurrence gibbsite). The occurrence of critobalite in
the coarse textured layers could be the result of seasonal varia-
tion. In the drier parts of the year the cirumstances for the
forming of cristobalite could be more favourable (less water
percolation, higher ion-activities), while in the more humid parts
of the year the forming of gibbsite could be predominant.
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6.3.Differences between the profiles.

Differences in mineralogy and chemistry between the profiles
exist.

Variation in the amount of Al,, in the profiles will be discussed
later.

Generally the weathering of the deposites is characterised by
rapid removal of the base-ions and a slower removal of silica.
Part of the silica will precipitate in secondary products. The
oxides of Fe, Al and Ti seem to be the least mobile components in
the soil and undergo relative enrichment during weathering. The
amount of base-ions between the profiles varies strongly.

The Rio Frio Uno Profile, the Rio Sucio Profile and the upper 550
cm of the Neguev Profile contain very little primary material
comparing to fresh sediments (WPI profiles < 1.5, WPI fresh sedi-
ment = 12-18). The Rio Frio Dos Profile (beneath 200 cm) and the
lower part of the Neguev contain relatively much primary material
(WPI profiles = 8-20). Deposits containing much primary minerals
generally have a relatively high Si-content. This indicates that
the Rio Frio Dos Profile and the lower part of the Neguev Profile
seem to be less weathered than the other deposits.

Maybe the Rio Frio Dos Profile-deposits are younger, and therefor
less weathered. However the top soil is not thinner than that of
the Rio Frio Uno Profile and both profiles seem to belong to the
same formation (distance between them is several hundred meters),
so differnce in age of the profiles is not likely to be the reason
for a different weathering stage.

Another explanation can be differences in hydrology. The previus
chapters pointed out that the micro-hydrology plays an important
role in the weathering of the ‘Red-hill’-deposits. In the Rio Frio
" Uno and the Rio Sucio Profile probably more water has percolated
which can have resulted in a more advanced weathering. Field
observations confirm appreciable difference in weathering stage
within a few meters distance. The sample taken from the Rio Frio
Dos at 550cm depth, was almost fresh, while the same layer a few
meters further seemed to be more weathered.

The differences in hydrology can be caused by the topographical
situation of the deposits. In some situations lateral water trans-
port in the upper part of the profile can be stimulated. This can
result in differences in weathering stage throughout the profile.

The variety in chemical composition of the Neguev Profile-layers
can have stemmed partly from differences in primary composition.
The type 4-layer, likely to be a lahar, can have contained relati-
vely much preweathered material. The underlying sands were proba-
bly relatively unweathered. The lahar, which is a relatively
impermeable deposit, can also have prevented part of the soil
water from percolating through the underlying sediments. So the
the underlying sediments can be less weathered.
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Beneath the top soil the Rio Sucio Profile contains relatively
little silica. This can be the result of its location on the
bottom of a small valley. Probably more water has percolated
through the profile which caused a stronger silica-leaching.
Probably vertical water percolation was predominant so difference
iniweathering stage between the layer-types does not seem to
exist.
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6.4.0ccurrence of allophane.

In order to determine the content of allophane-like products in
the samples, the Al,,~content was measured, which probably is a
measure for the content of Al-humus complexes and allophane-like
products. Since the organic matter—-content in the layers beneath
the top soil is supposed to be nil, the Al ~content is probably a
measure allophane.

In the Rio Frio Uno and the Rio Sucio Profile allophane is almost
absent. Some Rio Frio Dos Profile-samples have allophane-contents
- 0of 6 %. In these samples the clay fraction is almost completely
amorphous (figure 6.5.) and the Aratio is 0. Allophane content
increases lineairly with the amount of primary material (figure
6.6.). The lower part of the Negeuv Profile shows the same corre-
lation. However in the upper part some high allophane-contents
occur in stronger weathered material.

figure 6.5: Clay fraction is almost amorphous in diffractogram of
sample F2D.
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AlLox vs. WPI
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figure 6.6: Al versus WPI, Rio Frio Dos Profilae.

Factors that probably influence the allophane content are (see
chapter 2.1): Parent material, pH , presence of humus and the age
of the deposits. Humus and pH does probably not play an important
role since humus is absent in the layers below the top soil (ac-
cording to the field descriptions) and the pH in these layers is
probably higher than 4.7 (only layers containing much organic
matter probably have a pH that is lower than 4.7).

Difference in allophane-content can probably best be explained by
the weathering stage of the deposits. Allophane mostly occurs in
presence of unweathered material, and is likely to be formed by
rapid weathering of primary minerals. In stronger weathered mate-
rial, the allophane could have been recrisallised to gibbsite,
kaolinite or halloysite. The parent material can also have played
a role in the forming of allophane, in preweathered sediments,
which does not contain enough feldspars and pyroxenes, it is
probably never formed. This could be confirmed by the absence of
of allophane the the finest textured layers, which have probaly
cotained some preweathered material.

The presence of allophane in the upper part of the Neguev Profile
with the absence of primary minerals, could indicate that the
formation of allophane has just stopped since the primary minerals
are all dissolved.
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7.Conclusions

The 'Redhill’-deposits in the Atlantic Zone of Costa Rica consist
for the major part of fluvial sediments. As a result of the humid
tropical conditions they are deeply weathered.

Weathering is characterised by rapid dissolution of the primary
minerals. The liberated are base-ions are almost completely washed
out (in some cases todepths of at least 600 cm). The silica will
partly be washed out and will partly precipitate in secondary
minerals. The oxides of Fe, Al and Ti are the least mobile compo-
nents.

Most important secondary minerals are 1.0nm-halloysite, 0.7nm-
halloysite or -kaolinite, gibbsite, cristobalite and some amorp-
hous and poorly ordered clay minerals, for instance allophane.

Weathering seems to be most advanced in the upper part of the
deposits and weathering intensity decreases with depth. This can
be explained by difference in ionic strength of the soil solution
between the upper and lower parts. Higher ion-activities probably
slow down the weathering rate. Lateral water transport also seems
to play an important role, since it causes differences in the
amount of percolating water between the upper and the lower parts
of the profiles. The deepest situated layers will receive less
percolating water (probanly because of lateral removal) and are
therefore less weathered.

Weathering rate of the sediments seems to be depend partly on
texture. Weathering of coarse textured sediments is more advanced
than that of fine textured sediments, which can be the result
differences in permeability. Probably most water will percolate
through the coarsest texured and therefor most permeable sedi-
ments. In the finer textured sediments the water probably stagna-
tes. This causes differences ionic strenghts of the soil soluti-
ons. In the coarse textured sediments it will be lowest, which
will result in a higher weathering rate of the coarse textured
sediments. Weathering rate of the finer textured sediments will be
lower.

Differences in weathering stage between the different locations
exist. Some deposits contain more primary material and more early
stage weathering products (for instance allophane). This can be
the result of differences in (micro-) hydrology of the deposits.

Hydrology probably strongly influence the weathering processes.
More research should be done in order to determine the (micro-)
hydrology of the ’‘Redhill’-deposits and its influence

on the weathering rate.
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APPENDIX 1

Analysis data:
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Typical x-ray diffractograms. After heating at 100°C, the 1.0 nm
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Texture analysis and XRD-results:
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IRF-results of the major elements (weight %)
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XRF-results of the major elements (molair %)
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XRFP-results of the trace-elements (ppm):
results did not show important patterns.
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APPEDIX 2

rield descriptions:

hitle description FFrL.

o/ s0ason ¢ 10/7/91, atddle of the rainy season
jner 1 Frank van Rujitenbeek
Kation 1 Rio Puerto Viejo
réinates 1 2635000/340000, Rio Sucio
o &t road cus, bm dees
priation 1 60m
pfora
prsiographic position top of hill

aphy hilly

flas

bush and grassland

huaic tropics

pleistocene alluvial deposits
wvell drained

]
]

[

'

]

]

]

ture conditions of soils
]

[

]

]

s

'

aoiss
groundwater table > 6
wtcrops nil
e stoniness nil
htence of erosion nil
mnce of salSs/alkali ntl
pn influence deforestation

Wracteristicss The profile is situatdd in & 6a deep road <ut en
Iwilt up of fluvial sand=rich and clay=-rich layers with red,
rlu and brown clours.

wizonss

¥ 0-200s Dark yellish brown (10YR 3/6€); clay; friadble; weak
mrse angular blocky structure; diffuse and sacoth boundary Sots

¥ 200~290s Dark yellish brown (10YR 3/€)ssandy clay losa; firmy
Fuen, thin sesquioxides coatings; very few, strongly weathered,
mnded gravel; gradual and seocoth boundary tos

0 290-373: Yellowish red (SYR 4/6); clay) fire; very few saall,
ut, unite concrasionss in the upper 4cm frequent, large, hard,
Mk concrations; ssructureless; abrupt and ssocoth boundary So:

0 773-443: Strong brown (7.SYR 4/6)) sandy clay) very friables

™ white, Dlack and yellow, saall and large (<Jcm), soft nodules

concrasions/eaineral frageenss?); structurelesss; abrupt and
" boundary to:

“U3-4703 Yellowish brown (10YR S/6)3 common medium, orange and
Xk aottles (<4cm); clayy fire; abrupt and wvavy (containing
v, small, grey eotstles) tot

1 470=490s Dark yellowish brown (10YR 4/3); few, saall, vhite
niles; coarse sandy losa; continuous, thick, sesguioxides along

layers; weakly cesented) strongly vearhered sand grains)
laminations abrupt and sacoth boundary tos

¥90~3510: Yellowish brown (10YR 3/6) and sSrongly brown (7.3YR
} few white and grey sottles; clay; fira; abrupt and vavy toi

310-343: Dark yellowish brown (10YR 4/4)3 coarse sandy loam;
ntinuous, thick, sesquioxides along the layers; wveakly
‘mented; strongly veathered sand grains; few, rounded, veathered
Fivel; cross lamination; abrupts and sacoth boundary tol ‘

) 343-360: Yellowish brown (10YR $S/6) and sSrongly brown (7.3YR
U0); few fine/medium, dissincs (reduction=) sotsles) clay) firm;
Srupt and smcoth boundary tas

) 30-398: Dark yellewish brown (10YR 4/4); coarse sandy loaas
wntinuous, thin sesquiexides; veaxly conmented) $73cme
[ticenssuous, piselitic, Black/brown pan (<3cm)y cross
lminasien) aaruss and saceth ves

U 993-101 Yellowish Brown (10YR 3/6) and ssrongly brown (7.3VR
¥8)) common fine/medium,irregular grey (reduction=) eottles;
Wy, sedium, prominent, black sottles (<2am); clay) firmg

.

DEPOSITS

Protile FPL:

a) 0-200: Soil

b) 200-290: Poorly sorted; sand vith fev pabbles; tluvial
e) 290-37%: Clay; fluvial;

d) 375-445: Moderately sorted; sand vith few pebbles (<lcm);

- luvial

@) 449-470: Clay; fluvial;

g) 470-490: Cross
tluvial

bedding; well sorted; medium to coarse sand;

g) 490-310: Clay; tluvial*

h) 510-543; Cross bedding; woderately socted; medium to coarss
sand vith fev pebbles; tluvial

1) %49-560: Clay; fluvial;

3) 560-393: Cxoss bedding; well sorted; medium to coarse sand;
fev gzrind lenses; fluvial

k) 399-610: Clay; fluvial;



frofile description FF2

lite/season 1 10/7/91, aiddle of the rainy season
thor 1 Frank van Ruitenbeek

wecation 3 Rio Puerto Viejo

(osrdinates 1 200m north of Fri

¥ it road cut, 6m deep

fevation 1 60m

undform .

shysiography top of saall hill

<topogr aphy nilly

<lope flas

wgetation saall bushes and palaito
llisate huaic tropics

ool 09y plesstocene fluvial deposits

isture conditions [ 1% 1]

lpth groundwater table > bm

ik cuscrops nil

tvidgence of erosion nil

fresence of salts or alkali: nil .
san influence s deforestation

]
]
3
]
s
]

rainage class s lvell drained
]
]
s
]
]

Cwuracteristicss 6a deep road cus, situated in a red hill,
tonsinsing of relatively coarse fluvial deposites vith clearly
visidle crossbedding.

horizonses

) 0=1S0: VYellowish brown (10YR 4/4); clayy friable; weak very
tcarse angular, blocky structure; diffuse and sacoth boundary tot

¥ 150=-240s Yellowish brown (lOYR 3/6); few white sottles; sandy
clay; firmp few rounded pebbles (< 3ce); abrups and wavy boundary
tos

¢) 240=-300: Dark yellowish brown (10YR 3/€); very poorly sorted,
<lay to coarse pebdles (< 1Scm), partly cesented; rounded pebbles
(302) stouch each other; clear, wavy boundary tot

9 300-330: Yellowish brown (10YR S/6); rounded, medium to very
coarse sand (< 0.3ca); weakly cemented; cross lasinations abrupt
d vavy boundary tos

9 330-340: Dark yellish dbrown (10YR 4/4); pebdle=-rich (<(2ca,
rounded); veakly cemented with orange yellow sesquioxides; clear
nd vavy boundary to3

) 340-4201 Yellowish brown (l1OYR S/6€); hardly weathered, fine to
Yery coarse sand; few ately r ded peddles (< 2cm); coating
of sesquioxides along the layers; weakly cemsented; few black
(oncretions) cross lamination; abrupt and wavy boundary tos

9) 420-423: Black, strongly cesented layer, containing pebbles (<
ka)} abrupt and wavy boundary tos

M  423-440: Dark yellish brown C(10YR 3/4); loamy clay; firas few
Wite small concretions; clear and wavy boundary tos

1) 440-520: Dark yellowish brown (10YR 4/6); fine=coarse sand;
lartly ssrongly ¢ ed vwith quioxides; contains fev brown
flay layers (¢ 4cm) and gravel, with pebbles to 2ce; cross
lminasion) gradual and wavy ¥y sos

) S20-570s Dark yellowish brown C10YR 4/€); hardly weathered,
fine to medium sand) partly cesented wvith sssquioxides; weak
(ross laminationy consains brown sand (!!)C10YR 3/4).

Protile PP2:
a) 0-150: Soil

b) 150-240: Moderately socrtad;

sand with fewv pebblas
fluvial

(<lcm);

€) 240-300: Poorly sorted; coarse grained vith ®any pebbles
(<1Scm); fluvial; stream bedding

4) 300-330: Cross bedding;

moderately sorted;
coacrse sand; fluvial

msdium to ver:

@) 330-340: Pedbles (<2cm); fluvial; stream bedding

£) 340-420: Czoss bedding;

wodecately sozted;
sand; fluvial

fine to coacse

g) 420-425: Small pedbles; fluvial; stream bedding
h) 425-440: Clay; fluvial;

1) 440-%20: Cross bedding;

modezately sorted;
sand; few clay lenses; fluvial

fine to coars: -

J) 3520-570: Cross bedding; well sorted; fine to medium sand;
fluvial



moftle description FI2

hte/season s 10/7/91, aiddle of the rainy season
NinOr 1 Frank van Ruitenbeek
Kation 8 Rio Puerto Viejo
wrdinates 1 200m north of Fri\
've t road cut, 6m deep
Sevation 1 60m
Jndfore .

ogr aphy top of samall hill

raphy hilly
slose flat
petation saall bushes and palaeito

]
]

]

L}

Cisate 8 humic Sropics
ol ogy 3 pleistocene fluvial deposits
junage class s lwell drained
msture conditions 1 soist

nth groundwater table 1 > 6m

t outcrops t nil

heence of erosion TS

esence of salts or alkali: nil .
wen tnfluence 1 deforestation

Ouracteristics: 6a deep road
ansinsing of relatively coarse fluvial
wsidle crossbedding.

cut, situated (n a red hill,
deposites vwith clearly

wrizonss

0 0=150s VYellowish brown (10YR 4/4); clay;} friable; weak very
trse angular, blocky structure; diffuse and seooth boundary tos

» 150=-2401 Yellowish brown (JOYR 3/6); few white sottles; sandy
tay; firem; few rounded pebbles (< Jcm); abrups and wvavy boundary
tos

¢) 240-300: Dark yellowish brown (1O0YR 3/€6); very poorly sorted,
tlay 0 coarse pedbbles (< 13cm), partly cesented; rounded pebbles
(302) touch each other; clear, wavy boundary tos

0 300-330: Yellowish brown (10YR S/€); rounded, sediua to very
torse sand (< 0.3cm); weakly cesented; cross lasination; abrupt
"4 vavy boundary tos

0 330-340: Dark yellish brown (10YR 4/4)} pebble=-rich (<2ca,
rounded) ) veakly cemented with orvange yellow sesquioxides; clear
nd vavy boundary %03

) 340-420s Yellowish brown (10YR S/6€); hardly weathered, fine to
wry coarse sand; fev soderataly rounded pedbbles (< 2cm)) coasing
of sesquioxides along the layers; weakly cesented; fevw black
toncretions) cross lasination) abrupt and wavy boundary tos

P 420-423:1 Black, strongly cesented layer, containing pebbles (<
Xa)) abrupt and vavy boundary tos

V) 423440t Dark yellish brown (10YR 3/4); loamy clays firm; few
“ite small concretions; clear and wavy boundary %ot

1) 440-320s Dark yellowish brown (10YR 4/€))
rtly strongly cemensed with sesquioxides; consains few brown
tlay layers (¢ 4cm) and gravel, with pebbles to 2cm; cross
laaination) gradual and wavy boundary tos

) 320~570: Dark yellowish brown (1OYR 4/6); hardly weathered,
fine to medium sand) partiy cesensed with sssquioxides; weak
ross lamination) consains Brown sand (!!)CI1OYR 3/4),

fine=coarse sand;

Protile PP2:
a) 0-150: Soil

b) 150-240: Modezately socrted;
fluvial

G) 240-300: Poorly sorted; coarse qrained vith meny pebbles
(<13cm); fluvial; stream bedding

d) 300-330: Cross bedding;

sand with fev pebbles (<lcm);

woderately sorted; medium to ver:
coarse sand; fluvial
e) 330-340: Pebbles (<2cm); fluvial; stream bedding
€) 340-420: Cross bedding; wodozately sorted; fine to coarse
sand; fluvial
g) 420-425: Small pebbles; fluvial; stream bedding
h) 425-440: Clay; fluvial;
1) 440-520: Cross bedding; wmoderately sorted; £ine to coars: .

sand; few clay lenses; fluvial

3) 320-570: Cross bedding; well sorted; fine to medium sand;
fluvial




Location of the Rio Frio Uno (FFl) and the Rio Frio Dos Profile
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jile description FSJ

p season 177771991, middle of the rainy season
por - Frank van Ruitendeek
pt1on canal at R{o Suerte

]
[]
]
ffinat s + 267000/360000, R{o Sucio
] 1 canal cut, 7a deep
hation 1 SOm

plore
nogr aphy
por apy
e

1 eiddle in slope of smsall nill
s hildly
t gently
t1on s grass
(] 1 humic trootics
jogy s pleistocene fluvial deposits
hage class 1 well drained
pure conditions $ soiss
p groundwater table s 7m
wutcrops 1 ntl
pnce of erosion s nil
hnce of salt$ or ollulu nil
B tnfluence deforestation

ﬂ;'o profile (s situated

piter i stices in a 7a deep canal cut
consi st of strongly weathered fine to coarse grained fluvial
ppits.
hzonss

0-60s Strong brown (7.SYR 4/6); clay; fira; veak, very coarse
Mulair sSructure; gradual and smooth boundary %ot

0-130t Dark yellowish brown (lOYR 3/4); few orange brown

les - (Fe203)s clay; fire; very veak coarse, granulair
tures clesr and smooth boundary tos
'30=-170: Dark yellowish brown (l1OYR 4/4)) clays firey vith

(<10cm thick) of well sorted, wveathered, medium/coarse
(black, yellow, red and grey graines); angular, strongly
eod, pebbles ((3cm) (green, yellov and red cloured); clear

| smocoth boundary tos

170-183: Yellowish brown (10YR 3/8); few,
Rles; <lay) fire; gradual and vavy to:

grey (reduction)

Yellovish red (SYR 3/6);
(reduction?) eocttless’

sony sedius,
clays very firag

distinct,
dt ffuse and

335-2703 Reddish brown (SYR 4/4)3
less fev irregulair shaped ,ellish brown mottles; clay; very
fev strongly veathered, red, yellow and vhite
rattons/eineral fragments (2ea-3ca); diffuse boundary to:

ComMmON grey (reduction)

70~-330t Strong brown (7.SYR 4/6); few reduction msottles (270-
1 <clay to (angular)pebbies (<2¢cm); poorly sorted; aany
ed (yellow, orange, black and white) grains; diffuse
ry tot

I50-420: Strong brown (7.3YR 4/6); loamy clays fire; few
1, white concretions; irregular and clesr bDoundary tot

420-473: (vater bearing layer) VYellowish brown (1O0YR S/4);
tOo very coarse sand (¢ 1.3¢ca) in clay satrix; poorly sorted;
ly veathered; veakly cemented; clesar and wavy boundary tos

473-323: Yellowish brown
les; loamy clay; fireg
p and vavy boundary tos

323-360t Orown (1O0VR 4/3); fine sendy clay loas;
ted) irregular and broken boundary tos

(1OYR S/4)3 few Qrey (reduction)
sesquioxides along root channels)

weskly

| S60-3801 Brown/black/yellow; flne to mediues sands
rongly with sesquioxides cemented pan; irregular
wndary tos

very
and broken

390~630: Dark yellowish brown (10YR 3/4); fine to mediue sand)

5, yellov and cream grains) veekly cesented; along root
Wnels sesquioxides) diffuse end vavy boundary tos

L cuoss o hovi tonied awmie.
| 650-670s Reddish gray (SYR 3S/2); clays very friable,

iotropicy few organic satertal (¢ S%)

Protile PS:
a/b) 0-130: Soll

c€) 130-170: Vell sorted;

msdium to coarse sand with
(<Jcm); tluvial ¥

fev pebble

d/e) 170-223: Clay; fluvial;
€) 22%-270: Clay; fluvial; . -+ qgtadual te:

g) 270-330: Poorly sozted; sand to pebbles (<2cm); fluvial

h) 330-420: Clay; fluvial;

1) 420-473: Modezately sorted; fine to very coarse sand; fluvial
3) 473-525: Clay; fluvial; - '

X) 325-560: Vell socrted; sllt to tine sand; fluvial

1/m) 560-630: Vell sorted; flne to medium sand; tluvial

n) 650-670: Clay; contains org.mat.; fluvial;



Location of the Rio Sucio Profile (FS3), part of the map ’'Rio

Sucis’ .

PALIITAS 8 1O0¢.

CAROLENA ICA 2.7 st

PmeCa 1€L avv O



fte Cescription FHd

22/7/91, middle 1 the rainy season
Frank van Puitenbeek
Nequev, RPio Pe)e

humic tropics

probably pleistocene pyroclastic and
fluvial deposits

vell drained

inates S88NVN/I3800), Bonilla
road cut, 7 ., deep

n1on 30 m.
109r aphy t middle part slope of Ml
r aphy 3t milly

t gently
at1on 1 grassland

]

1

<lass '

@ conditions soil ¢ moist
groundvater table 1 > Ta.
outcrops t nil
@ of erosion s nil
@ of salt or alkalis nil
tnfluence t deforestation

jctertstice: The soil (s formed in partly, very cosrse
rial C(audflov?) and s situated (n a road cut near the river
" N

itonss

0-60s Dark yellish brown (10YR 3/4); silt/clay; very friable;
se granular structure; diffuse and smooth boundary toi

0=113:s Dark brown (7.3YR 3/4); fine to
' orange/yellov sesquioxides; wveakly
wul ar boundary tos

coarse sand; coated
cemented) diffuse and

113=180t Dark yellowish brown (7.SYR 3/4); fine sand; coated
N orange/yeliov sesquioxides; very strongly cesented; fine
1zontal lamination; diffuse boundary tos

100-200t Dark brown (7.SYR 3/4); fine sand; strongly ceeented
» orange’/yellow sesquioxidess common black aanganese
trations  along <racks: fine horizontal laminations abrupt and
nh boundary tos

00-2701 Reddish brown (SYP 4/4); silt (clay at bottom); firms
¥y homogennus; abrupt and vavy boundary tos

1270-3631 Yellowish brown (10YP S/4); very pnorly sorted zlay
2er 3@ 3trongly wveathered pedblaes (7 1Scm); pedbles fl~at 1n
aatrix; slightly fining upward; <lesr and wavy boundary tas

=391 Yellowish red (SYR S3/6) clay jfirm; strong brown

4/6) (ine sends mixed and deformed; clear and irreqular
ry tos
390-460: VYellowish dbrown (1OYR $S/4)3 very poorly sorted,

ly veathered clay to pebbles (¢ Scm.); few orange/yellow
ioxides mottles; fining ups contains some small layers of
sand} clear and smooth boundary toi

460~-323: Yellowish brown (10YR $S/4); fev orange/yellow and
k sesquioxides wmottless fine to eedium sand strongly
hered; fewv small pedbble-rich ({1.5cm) layers; adbrupt and
h -boundary tots

323-343: Yellow (10YR 7/6) at the bottom, strong brown (7.SYR
at  the top; common wvhite greyish reduction aottles; clay;
bles fev concrations of orange/yeilov sesquioxides; clesr and
boundary tos

343-393:1 Strong brown (7.SYR 4/6); coarse sand in clay matrixs
ongly veathered; partly coated with orange/yeliow
uioxides; veakly cemented; few black sanganese concrations at
n® channels; horizontal laminated; diffuse boundary tos

| 393~630t Brown (10YR 4/3); fine to eedium sand;
Rhered; very strongly cemented; very feow
Xkm)j clear and smocoth boundary tos

| 630-643s Brown (10YR $3S/3); fine sand
wded, strongly weathered);
lser and vavy boundary tos

strongly
Lithtc frageents

to peddles

(C¢nm,
poorly sorted; strongly

cemented;

' 645~670s Dark yellish brown (10RY 4/4); clayish medium sandj
rongly weathered; strongly cesented; fev large, soft, sferical,
Xk sanganese concrations.

Protile Pu4:
a) 0-60: Soil

b) 60-118: Pazallel lamination; wvell

sorted; tine t
msedium/coacrse sand; fluvial

c€/d) 115-200: Paxzallel laminated; vell sorted fine sand; fluvial
e) 200-270: Clay to silt; fluvial/pycoclastic (?)

€) 2170-365: Veakly fining upwvazd; very poorly sorted; clay t
pebbles (<lScm); tluvial; outer pazt of mudtlow

g) 165-390: Clay and Cine sand; fluvial; detormed dy mudflowv

h) 390-460: Pining upwacrd; pooxly soczted; clay to pebdbles (<Scm)
tluvial; outer paxt of a3 mudflow

1) 460-523: Vell socted; fine to medium sand; contains few Qzin
lenses; tluvial

3) 325-545: Clay; tluvial;

k) $495-395: Pacallel laminated; sodecately sorted; medlium ¢t
coarse sand; fluvial

1) 593-630: Moderately sorted; fine to mediua sand; Cluvial

m) 630-643:

Poorly sorted; sand to pebbles (<lcm);
stream bedding

fluvial

n) 643-670: Vell sorted; medium sand; Cluvial




APPENDIX 3

Soil analysis:

Of each profile a mixed soil sample was taken at 25-50 cm depth:

tabel: Soil analysis, FFl= Rio Frio Uno Profile, FF2= Rio Frio Dos
Profile, FS3= Rio Sucio Profile, FN4= Neguev Profile. 0.M.= Orga-
nic matter.
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Location of the Neguev Profile (FN4), part of the map ’'Bonilla’.





